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Abstract Of EP1 267422 

A nitride semiconductor device is composed of 
Group lit nitride semiconductors. The device 
includes an active layer, and a barrier layer made 
from a predetermined material and provided 
adjacent to the active layer. The barrier layer has 
a greater band-gap than that of the active layer. 
The device also includes a barrier portion formed 
of the predetermined material for sun'ounding a 
threading dislocation in the active layer. The 
barrier portion has a vertex. The device also 
includes a semiconductor layer having an 
impurity concentration ranging from 1E16/oc to 
1E17/CC in which the vertex is placed. 
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(54) Nitride semiconductor device and method for manufacturing the same 



(57) A nitride semiconductor device Is composed of 
Group III nitride semiconductors. The device Includes 
an active layer, and a bamer layer made from a prede- 
tennined material and provided adjacent to the active 
layer. The barrier layer has a greater band-gap than that 
of the active layer. The device also includes a barrier 



portion formed of the predetennlned material for sur- 
rounding a threading dislocation In the active layer The 
barrier portion has a vertex. The device also includes a 
semiconductor layer having an impurity concentration 
ranging from 1 E1 6/cc to 1 El 7/cc in vifhich the vertex is 
placed. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present Invention relates to a Group III ni- 
tride semiconductor device (also refen^ed to as device 
herelnbeiow) and a method for manufacturing the same. 

2. Description of the related art 

[0002] Extensive research is now underway on sem- 
iconductor light-emitting devices, in particular, a short- 
wave length semiconductor laser device based on gal- 
lium nitride (GaN) and related compounds as a material 
system for the device. A GaN-based semiconductor la- 
ser device is manufactured by successively depositing 
semiconductor single-crystal layers such as 
(AixGai.J^.ylnyN (0^x^1, 0^y^1) on a crystal sub- 
strate. 

[0003] A metal organic chemical vapor deposition 
method (abbreviated as MOCVD herelnbeiow) is gen- 
erally used to produce such a single-crystal layer. In this 
method, source gases containing trimethyl gallium (ab- 
breviated as TMG herelnbeiow) as a Group III precursor 
material and ammonia (NH3) as a Group V precursor 
material are introduced into a reactor to react at a tem- 
perature within the range of 900-1000 ""C, thereby de- 
positing compound crystals on the substrate. Various 
compounds can be layered on the substrate by chang- 
ing the ratio of the precursors fed into the reactor to ob- 
tain a multi-layer structure. 

[0004] If the deposited single-crystal layer has many 
penetrating defects, the light emitting perfomriance of 
the device is deteriorated substantially. Such defect is 
called threading dislocation, which Is a linearly extend- 
ing defect that penetrates the crystal layer along the 
growth direction. Since a threading dislocation acts as 
a non-radiative recombination center for caniers, a sem- 
iconductor light-emitting device comprising a layer with 
many dislocations suffers from poor luminous efficiency. 
The mentioned above defect is generated due to crystal 
misfit strain at an interface between the substrate and 
an overlying layer fomied thereon. Attempts to reduce 
the effect of the misfit at the Interface have been made 
by choosing substrate materials having similar crystal 
structure, lattice constant, and thermal expansion coef- 
ficient to those of GaN-based crystal. 
[0005] There is no substrate low-priced and lattice- 
matched to a nitride semiconductor. Sapphire plates are 
therefore mainly utilized as substrates for the epitaxial 
growth of nitride semiconductor. In this case, the thread- 
ing dislocations are generated due to the lattice mis- 
match since sapphire has a lattice constant different 
from that of GaN by about 14%. it is unavoidable that 
the density of threading dislocations becomes 1 ES/cm^ 
or more even under the best conditions. Epitaxlally Lat- 



eral Over-growth (ELO) or the like can drastically reduce 
the dislocation density. However ELO drastically raises 
the manufacturing cost of devices. The adaptation of 
ELO to the manufacture of the nitride semiconductor de- 
s vice such as a light emitting diode or the like has no prac- 
tical use. 

[0006] Unexamined Japanese patent KOKAI Publica- 
tion No. 2000-232238 (USPN 6,329,667) discloses a 
conventional technology improving some properties of 

10 the nitride semiconductor laser device. In the disclosed 
prior art. fonmatlon of pits or recesses about the thread- 
ing dislocations Is prefonned during epitaxial growth on 
a wafer after the growth of the active layer is finished. 
Then the pits of the active layer are buried with a mate- 

15 rial having a wider band-gap than that of the active layer 
and, after that, the other structural layers of device are 
layered. This technology improves the luminescence 
characteristics of the device because Injection of can^l- 
ers to the threading dislocations is avoided. 

20 [0007] In the case of a pn junction diode formed by 
growing nitride semiconductors onto a dissimilar sub- 
strate such as a sapphire substrate or the like, the leak- 
age current under reverse bias tends to be high in com- 
parison with that of the semiconductor device of GaAs 

^5 or the like. This diode characteristic originates in the 
high density of threading dislocations In the grown lay- 
ers mentioned above. 

[0008] The inventors have revealed that, although the 
prior art mentioned above does pennit the decrease of 

30 luminescence efficiency caused by the threading dislo- 
cations under fonward Injection to improve the lumines- 
cence characteristics of the device, it still fails to solve 
the revense leakage current problem. The increase of 
the reverse leakage current incurs substandard prod- 

35 ucts resulting in hindering the increase of production 
yield. For example, the technical specification for a light 
emitting diode usually Involves an Item of leakage cur- 
rent under an application of reverse voltage thereto, e. 
g., less than 10 ^A at 5 V applied. 

40 

OBJECT AND SUMMARY OF THE INVENTION 

[0009] The present invention has been made In view 
of the deterioration of current-voltage characteristic, i. 
0., the large reverse leakage of the nitride semiconduc- 
tor device described above, and an object thereof Is to 
provide a nitride semiconductor device having good cur- 
rent-voltage characteristics while allowing the genera- 
tion of defects passing through the single-crystal layers 
50 grown on a substrate. 

[001 0] According to one aspect of the present inven- 
tion, there Is provided a nitride semiconductor device in- 
cluding Group III nitride semiconductors comprising: 

55 an active layer; 

a barrier layer made from a predetemilned material 
and provided adjacent to said active layer, said bar- 
rier layer having a greater band-gap than that of 
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said active layer; 

a barrier portion formed of said predetermined ma- 
terial for surrounding a threading dislocation in said 
active layer, said barrier portion having a vertex; 
and 

a semiconductor layer having an impurity concen- 
tration ranging from 1E16/cc to 1E17/CC in which 
said vertex is placed. 

[0011] In the nitride semiconductor device mentioned 
above, said active layer has one of a single and multiple 
quantum well structure. 

[0012] In the nitride semiconductor device mentioned 
above, said predetermined material of said barrier layer 
fills up a recess enclosed with an interface on said active 
layer to smooth surfaces of said recess as the barrier 
portion. 

[0013] In the nitride semiconductor device mentioned 
above, said barrier portion has one of a cone-shape. 
truncated cone shape and a combination thereof. 
[0014] In the nitride semiconductor device mentioned 
above, said Group III nitride semiconductors are 
(AI^GaiJ^.ylnylSI (0^x^1. 0 ^yS1). 
[0015] The nitride semiconductor device mentioned 
above may further comprise a low temperature barrier 
layer provided between said barrier layer and said active 
layer, said low temperature barrier layer being fonned 
of substantially the same predetemnined material as that 
of said barrier layer at substantially the same tempera- 
ture as the growth temperature of said active layer 
[0016] In the nitride semiconductor device mentioned 
above, said low temperature barrier layer has a lower 
AIN composition ratio than that of said ban^ier layer. 
[001 7] According to another aspect of the present In- 
vention, there Is provided a method for manufacturing a 
nitride semiconductor device including Group HI nitride 
semiconductors and having an active layer and a barrier 
layer made from a predetennined material with a greater 
band-gap than that of the active layer and disposed ad- 
jacent to said active layer, the method comprising the 
steps of: 

forming a semiconductor layer having an Impurity 
concentration ranging from 1 E1 6/CC to 1 E1 7/cc; 
forming the active layer over the semiconductor lay- 
er having a recess attributable to a threading dislo- 
cation in the active layer; and 
depositing the material of the barrier layer onto the 
active layerto fonn a barrier portion surrounding the 
threading dislocation and having an interface de- 
fined by the side surface of the recess. 

[001 8] In the method for manufacturing a nitride sem- 
iconductor device mentioned above, the step of forming 
the active layer includes a step of etching the active lay- 
er after the active layer Is deposited. 
[0019] In the method for manufacturing a nitride sem- 
iconductor device mentioned above, the etching in the 



step of etching is temninated when erosion along the 
threading dislocation reaches the underlying semicon- 
ductor layer. 

[0020] In the method for manufacturing a nitride sem- 
s iconductor device mentioned above, the step of fomriing 
the semiconductor layer at a temperature within a range 
of 600-850 prior to the growth of the active layer. 
[0021 ] In the method for manufacturing a nitride sem- 
iconductor device mentioned above, the method further 
'0 comprises the step of forming a low temperature barrier 
layer of substantially the same material as that of the 
banler layer at substantially the same temperature as a 
growth temperature of the active layer between the step 
of forming the pit and the step of depositing the material. 
IS [0022] In the method for manufacturing a nitride sem- 
iconductor device mentioned above, the low tempera- 
ture bamer layer has a lower AIN composition ratio than 
that of the bamer layer. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The aforementioned aspects and other fea- 
tures of the invention are explained In the following de- 
scription, tal<en In connection with the accompanying 
25 drawing figures wherein: 

Fig. 1 Is a schematic, cross sectional view showing 
a light emitting diode of an embodiment according 
to the present Invention; 
30 Fig. 2 is a partially enlarged cross sectional view 
showing an active layer of the light emitting diode 
of the embodiment according to the present inven- 
tion; 

Fig. 3 is a graph showing curves of voltage/current 
35 characteristics of light emitting diodes according to 
an embodiment of the present invention; 
Fig. 4 Is a graph showing curves of voltage/current 
characteristics of comparative light emitting diodes; 
and 

^0 Fig, 5 is a partially enlarged cross sectional view 
showing an active layer In a light emitting diode of 
another embodiment according to the present in- 
vention. 

^5 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] A light emitting diode device made of Group III 
nitride having a pn junction according to an embodiment 
50 of the present invention will be described below with ref- 
erence to the drawings. 

[0025] Fig. 1 shows the light emitting diode device ac- 
cording to the embodiment. The semiconductor device 
comprises a GaN (or AIN) layer 2 fonned at a lower tern- 
55 perature, an n-type GaN layer 3, an n-type AIq.i Gao.9 
N layer 4, an n-type GaN layer 6, an active layer 6 In- 
cluding InGaN as a main constituent, a p-type Aio.2 
Gao.a N layer 7, and a p-type GaN layer 8, which are 
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deposited in the above order on a single crystal sapphire 
substrate 1 . The device further comprises a p-type elec- 
trode 13 connected to the p-type GaN layer 8 and an n- 
type electrode 14 connected to the n-type GaN layer 3. 
The device is covered with an insulating layer 11 made 
of SiOg except the electrodes. The semiconductor de- 
vice emits light through recombination of electrons and 
holes in the active layer 6. The p-type Alo.2Gao g N layer 
7 Is a ban-ier layer for enhancing the confinement of in- 
jected carriers (in particular, electrons) . The p-type GaN 
layer 8 is a contact layer. The n-type GaN layer 5 is a 
pit-generating layer. The n-type AIq^ Ga^ g N layer 4 is 
a first low-impurity-concentration layer. The pit-generat- 
ing layers is a second low-lmpurity-concentration layer. 
The n-type GaN layer 3 is an underlying base layer 
which allows a current to flow. The n-type GaN layer 3 
Is required because sapphire constituting the substrate 
does not have any electrical conductivity. Additionally, 
the lower-temperature growth layer, or GaN (or AIN) lay- 
er 2 is a so-called buffer layer for producing a smooth 
layer on the sapphire substrate which is a substance dis- 
similar to GaN. 

[0026] Referring to Fig. 2, the light emitting diode de- 
vice further comprises a barrier portion 51 defined by an 
interface 50 on the active layer 6 and fomied of the same 
material as that of the barrier layer 7. The interface 50 
surrounds and spreads around a threading dislocation 
15 extending from the pit-generating layer 5 to the con- 
tact layer 8 through the active layer 6. At least one of 
neighboring two semiconductor layers 4 and 5 (the first 
and second low-impurity-concentration layers) in the 
barrier portion 51 has an Impurity concentration ranging 
from 1E16/CC to 1E17/cc lower than the other layers. 
Namely, each pit i.e.. the ban'ier portion 51 , fonned 
through the active layer 6 has a reverse coned shape 
recess whose vertex P is placed in the pit-generating 
layer 5 having the low impurity concentration. The 
(AlxGa^.Ji.yInyN (O^xgl, 0^y^1) layer doped with an 
n-type impurity and having a high electrical conductivity 
is provided underneath the pit-generating layer 5» i.e., 
low-impurity-concentratlon layer. 
[0027] When a forward current flows into the device, 
electrons are injected from the n-type GaN pit-generat- 
ing layer 5 into the active layer 6 made of InGaN having 
a high Indium (In) composition ratio (that Is, narrower 
band-gap), as shown in Fig. 2. Further, holes injected 
from the p-type GaN contact layer 6 are also collected 
by the active layer 6 for the same reason. In this case, 
being blocked by the AIGaN ban-ier portion 51 , both of 
electrons and holes cannot reach the threading disloca- 
tion 15. This is because the threading dislocation 15 is 
surrounded by the AIGaN ban'ler portion 51 having a 
larger band-gap as compared with that of the active lay- 
er 6. which comprises InGaN with a high In composition 
ratio. Thus, the barrier portion 51 prevents the Injected 
carriers from reaching the threading dislocation 16, 
which usually acts as a non-radiative recombination 
center. The device has a luminescence efficiency higher 



than that of one having no ban-ier portion 51 . 
[0028] According to the invention, the low-impurity- 
concentration layer i.e., pit-generating layer 5 existing 
adjacent to vertex P of the barrier portion 51 surrounding 

5 the threading dislocations 15 suppresses the leakage 
cun-ent that would othen/vise flow upon application of the 
reverse voltage to the device. 
[0029] Generally, the luminous efficiency of nitride 
semiconductor light emitting diode is effectively en- 

10 hanced by Increasing the carrier concentration of the ac- 
tive layer In unbiased state through n-type doping to the 
active layer or the adjacent layers thereto. However, if 
the doping concentration of the n-type Impurity is too 
high, a depletion layer becomes thin and the electric 

IS field strength increases. As a result, the high density of 
threading dislocations leads to the increase of leakage 
current, 

[0030] in contrast, the nitride semiconductor device 
according to the invention has a structure in which the 

20 barrier portion 51 excludes the n-type material from the 
vicinity of each threading dislocation that conveys the 
leakage current upon application of reverse voltage to 
the device, as shown in Fig. 2. The invention therefore 
enables high level n-type doping to the active layer while 

25 controiling the thickness of the depletion region around 
the threading dislocations with the parameters of the 
low-impurity-concentration layer. 
[0031] IVIoreover, the nitride semiconductor device 
according to the invention may further comprise an n- 

30 type doped layer 5a having a high doping concentration 
of the n-type impurity between the active layer 6 and the 
pit-generating layer 5, as shown in Fig. 5, because the 
barrier portion 51 excludes the n-type material from the 
vicinity of each threading dislocation that conveys the 

35 leakage current upon application of the reverse voltage 
to the device. 

[0032] An LED having the stmcture shown in Fig. 1 
will be manufactured in the following process in which 
a layer-structure of the device Is formed on a sapphire 

40 A-face substrate by MOCVD. This embodiment adopts 
a method of fomiing the pits in-situ around threading dis- 
locations in the active layer. That is, the embodiment uti- 
lizes the fact that crystal growth can be Inhibited near 
each threading dislocation under particular growth con- 

45 ditions. 

[0033] First, a sapphire substrate 1 is loaded into a 
iVIOCVD reactor, and then placed in a hydrogen gas flow 
under a pressure of 300 Torr at a temperature of 1050 
*'C for ten minutes for thennai cleaning of the surface of 

50 the substrate. The sapphire substrate 1 is then cooled 
to a temperature of 400''C. Next, using a carrier gas of 
hydrogen, an ammonia NH3 and trimethyl aluminum 
(TMA) as precursor materials are introduced to the re- 
actor to grow AIN layer, thereby fomning a buffer layer 2 

55 having a thickness of 60 nm. 

[0034] Next, after stopping the feed of TIVIA, the sap- 
. phlre substrate 1 with the buffer layer 2 is again heated 
up to 1 050**C while only NH3 gas Is flowing through the 
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reactor. Trimethyl gallium (TMG) is then introduced Into 
the reactor to grow an n-type GaN underlying layer 3. 
During the above process, methylsllane (Me-SiHs) as 
an n-type dopant Is added to the precursor material gas 
so that the n*type GaN underlying layer 3 has a Silicon 
(SI) concentration of 2E18/cc. 
[0035] At a point in time when the n-type GaN under- 
lying layer 3 has been grown to a thickness of about 4 
p.m, the feed rate of methylsllane is reduced to 1/20, so 
that an n-type AiGaN layer 4 is grown to a thickness of 
0.1 jrni as a first low-impurity-concentratlon layer. 
[0036] At the completion of the first low-impurlty-con- 
centratlon layer, the supply of the precursor gases is 
stopped except NH3 and the wafer is cooled to a tem- 
perature in the range of 600 to 850 °C. When the wafer 
Is cooled at 770 °C for example, the carrier gas is 
switched from hydrogen to nitrogen. When the nitrogen 
gas flow has been stabilized, TMG and methylsllane are 
introduced Into the reactor so as to grow an n-type In- 
GaN layer 5 doped with SI to a thickness of 400 A as a 
second low-impurlty-concentration layer. The n-type In- 
GaN layer 5 of the second low-lmpurity-concentratlon 
layer services as a pIt-generatIng layer. During this proc- 
ess» portions where the growth Is inhibited are initiated 
in situ, in addition, material of the pit-generating layer 5 
is not limited to InGaN but may be a material such a 
GaN, AIGaN, or the like having a band-gap equal to or 
greater than that of the active layer. Also, non-doped 
material may be used for the n-type InGaN layer 5. The 
generation of the pits Is promoted by lowering the growth 
temperature of the n-type InGaN layer 5 and, the growth 
temperature of higher than 850 ^'C Is insufficient for pro- 
moting the pit-generation. Pits in the n-type InGaN layer 
are Infallibly generated at eoo^'C or lower; however, 
such growth temperature is not preferable because of 
the degradation of layer quality. Further, to establish the 
growth inhibition of the portion around the threading dis- 
locations, the pit-generating layer 5 is required to have 
a thickness of 100 A or more, and preferably to about 
200 A. Recesses are to develop from the pits, since the 
crystal growth on the threading dislocations in the fol- 
lowing step is also suppressed. 
[0037] Subsequently, at the completion of the pit-gen- 
erating layer 5, the supply of the TMG and Me-SIHa is 
stopped and the cooling of the substrate is started. 
When the substrate temperature has reached 760 **C, 
TMG, trimethyllndlum (TMI) and Me-SIHg are Intro- 
duced Into the reactor so that the active layer 6 having 
a high in composition ratio is grown. 
[0038] A growth temperature of 1000 ^'C or higher Is 
required in the step for fonming the barrier portion 51 to 
enhance the surface planarization of AIGaN. Such a 
growth temperature causes re-evaporation of the con- 
stituent from the InGaN active layer 6 during the ramp 
to the growth temperature resulting In the deterioration 
of the active layer 6. To avoid this, a low temperature 
AIGaN barrier layer 71 starts to be grown at the time 
when the formation of the InGaN active layer 6 is com- 



pleted. The low temperature AIGaN ban^ler layer 71 Is a 
film constituting a part of the AIGaN barrier layer 7. The 
low temperature AIGaN barrier layer 71 is disposed uti- 
lizing the fact that AIN has much higher themnai stability 

5 as compared with GaN in the growth ambience. The re- 
evaporation described above can be effectively prevent- 
ed by depositing a minute layer of low temperature AI- 
GaN having an AIN composition ratio of about 0.2. The 
low temperature AIGaN barrier layer 71 preferably has 

10 a thickness corresponding to several molecules, that is, 
about 20 A. Excessive thickness of this layer will dete- 
riorate hole Injection into the active layer from the p-type 
layer Thus the thickness is preferably less than 100 A. 
In this way, the low temperature AIGaN barrier layer 71 
is grown Immediately after fonning the active layer 6 
without changing the substrate temperature. The pits 
are hardly filled up because of the low growth tempera- 
ture of AIGaN barrier layer 71 . 
[0039] Then, the substrate is again heated to 1 050 ^'C 

20 while NH3 and hydrogen as a carier gas are flowing. 
TMG, TMA, and ethyl-cyclopentadlenyl magnesium 
(Et-Cp2 Mg) as a precursor for p-type dopant are intro- 
duced Into the reactor to grow a p-type AIGaN layer 7 
with a thickness of 0.02 fim on the low temperature 

25 grown AIGaN barrier layer 71 . 

[0040] The pits (recesses) are filled with the p-type 
AIGaN during the growth of the p-type AIGaN barrier lay- 
er 7, because both of the high temperature of 1050 
and the nature of AIGaN (material) promote the surface 

30 flattening of the barrier layer 7. Once the smooth surface 
of the barrier layer is established, the individual layer to 
be formed above the barrier layer 7 can be formed with 
a flat surface. Thus, the barrier portion 51 is fomied to 
have a conical or truncated-conical shape. The pit may 

35 have a unified shape which Is contiguous to one another 
depending on the configuration of pits. 
[0041 ] tn the light emitting device according to the em- 
bodiment, the low temperature AIGaN barrier layer 71 
has a lower composition ratio of AIN than that of the Al- 

40 GaN barrier layer 7. If the low temperature AIGaN barrier 
layer 71 has a higher composition ratio of AIN than that 
of the AIGaN barrier layer 7, holes injected from the p- 
type GaN layer 8 will tend to be injected Into the banrier 
portions 51 of the AIGaN barrier layer 7 which has a 

45 smaller composition ratio of AIN (or a smaller band-gap). 
[0042] By setting the AIN composition ratio of the low 
temperature AIGaN barrier layer 71 to be less than that 
of the AIGaN bamer layer 7, the holes Injected from the 
p-type layer are blocked by the barrier portions 51 in a 

so similar way to the electrons injected from the n-type lay- 
er, thereby not reaching the threading dislocations 15. 
[0043] In summary, after the growth of the active layer, 
a low temperature AIGaN barrier layer 71 is formed at 
substantially the same temperature as that of the growth 

55 temperature of the active layer. A second AIGaN barrier 
layer 7 is then formed after the temperature Is raised. 
The AIGaN barrier layer 7 is set to have a higher com- 
position ratio of AIN than that of the low temperature Al- 
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GaN barrier layer 71 . 

[0044] Subsequently, the feeding of IMA is stopped, 
and a p-type GaN layer 8 Is grown on the barrier layer 
7 to have a thickness of 0.1 ^im. Thereafter, supply of 
TMG and Et-Cp2 Mg is stopped, and cooling is started. 
At a point In time when the substrate is cooled to 400 
*C, supply of NH3 Is also stopped. At a point In time 
when the substrate is cooled to a room temperature, the 
substrate is u nioaded from the reactor The wafer is sub- 
jected to a heat treatment In a furnace to acquire p-type 
condition at a temperature of 800 C for 20 minutes in 
nitrogen gas at atmospheric pressure. 
[0045] Each of the resultant wafers is processed to 
have ten-aces for the p-type electrodes and cun^ent 
paths for the n-type electrodes. Such a structure is 
formed on the substrate by using standard photolithog- 
raphy and reactive Ion-etching (RIE) to remove unnec- 
essary portions from the wafer to expose the n-type GaN 
base layer 3 partially. 

[0046] After removal of an etching mask, a Si02 pro* 
tectlve layer Is deposited by means of a sputtering meth> 
od or the like. The P-side windows for p-type electrodes 
are fomned in the SiOg protective film on the p-type layer. 
The n-side windows for n-type electrodes are fonned in 
the Si02 protective film on the exposed portion of the n- 
type layer. 

[0047] An n-type electrode 14 Is formed on the region 
on which the n-type GaN layer 3 Is exposed, by depos- 
iting Ti (titanium) to a thickness of 50 nm and subse- 
quently Al (aluminum) to 200 nm. The p-type electrode 
13 Is formed in the region, where the p-type GaN layer 
is exposed, by evaporating Ni (nickel) and Au (gold) with 
thickness of 50 mm and 200 nm, respectively. 
[0048] Each wafer processed in this manner is 
cleaved to form a device shown In Fig. 1 . Thereafter, the 
voltage/current characteristics of the respective devices 
are measured. 

[0049] Fig. 3 is a graph showing curves of leakage 
characteristics of the reverse voltage vs. current of LED 
devices fabrteated according to the present invention. 
[0050] Fig. 4 Is a graph showing curves of leakage 
characteristics of the reverse voltage vs. current of com- 
parative LED devices fabricated for comparison to the 
invention. The comparative device has the same struc* 
ture as the embodiment shown in Fig. 3 except that the 
first low-lmpurity-concentratlon layer 4 Is not fomied In 
the wafer film-formation step, the n-type GaN base layer 
3 Is 0.1 ^m thicker than that of the embodiment, and the 
Si concentration in the pit-generating layer 5 (the sec- 
ond low-lmpurity-concentration layer) is the same as 
that of the n-type GaN base layer 3. 
[0051] As apparent from Figs. 3 and 4, the light emit- 
ting diode devices of the embodiment according to the 
present invention exhibit remarkable reduction of leak- 
age current. In the present Invention, the Si concentra- 
tion in the pit-generating layer Is set to 1 El 7/CC which 
Is much lower than that of the comparative device. As a 
result, the thickness of depletion layer formed adjacent 



to the vertex of the reverse coned shape recess I.e. , bar- 
rier portion 51 remarkably increases, particularly, the 
thickness of n-type layer side increases. In addition, 
since the first low-lmpurity-concentratlon layer 4 Is dis- 
s posed underneath the pit-generating layer in the present 
invention, the depletion layer is formed within the first 
low-lmpurity-concentration layer 4 even In the case that 
pits are generated at the lowest end of the pit-generating 
layer. Therefore, the electric field in the depletion layer 

10 in reverse voltage is effectively reduced, so that the 
leakage current is reduced. The Impurity concentration 
in at least one of the first and second iow-lmpurlty-con- 
centration layer is preferably set to 1 E17/cc or less for 
obtaining an effective result of the invention. An exceed- 

'5 ingiy tow setting of Impurity concentration tends to raise 
the operation voltage under fonvard bias. Thus it is not 
preferable to set the impurity concentration in the first 
and second low-impurity-concentration layers to be less 
than 1E16/CC. The thickness of the first low-impurity- 

20 concentration layer 4 is preferably set to 0.05 \m or 
more for obtaining an effective result of the Invention, 
but a setting in excess of 0.2 ^.m causes unfavorable in 
the operating voltage under forward bias. 
[0052] The above embodiment utilizes that the reduc- 

25 tion of the leakage current is obtained by increasing the 
thickness of the depletion layer in the n-type layer. Ac- 
cording to the invention , the leakage cun'ent may be also 
reduced by decreasing the Mg concentration in the p- 
type side of the vertex of the reverse coned shape re- 

30 cess (barrier portion 51) I.e., the p-type AIGaN ban'ier 
layer. This approach, however, does not lead to prefer- 
able result similar to the above embodiment, rather sac- 
rifice, the luminescence characteristics of the device un- 
der forward current injection (i.e., nonnal operation). 

35 The main function of the p-type AIGaN barrier layer Is 
to prevent the overflow of electrons injected from the n- 
type layer Reduced Mg concentration pulls the Femii 
level of the p-type AIGaN barrier layer toward the middle 
of the band-gap, and consequently reduces the effective 

40 barrier height against Injected electrons in the active lay- 
er In addition, the p-type AIGaN barrier layer has an- 
other main function to fill the reverse coned shape re- 
cess therewith, but the reduction of Mg concentration In 
the p-type layer hinders such a function. 

45 [0053] Furthemnore, the invention Is adaptable to a 
non-luminescence device such a rectifier diode device 
or the like. In this case, the remarkable effect is obtained 
similarly to the embodiment mentioned above. 
[0054] In the embodiment mentioned above, there is 

so adopted a method of forming the pits in-situ around 
threading dislocations in the active layer In another em- 
bodiment, the etching may be employed after the for- 
mation of the active layer to penetrate the active layer 
along the threading dislocations. Namely, the wafer may 

55 be unloaded from the reactor after the fonnatlon of the 
active layer, and then etched to fomn pits in the active 
layer 

[0055] Besides, although the embodiment mentioned 
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above involves the LED (light emitting diode) having a 
pn Junction structure, the present invention is also 
adaptable to a semiconductor laser device having a mul- 
ti-layer structure such as one of a single and multiple 
quantum well structure 

[0056] According to the invention, the barrier portion 
having a band-gap greater than that of the active layer 
and sun-ounding the threading dislocation to prevent 
carriers from diffusing to the threading dislocation, so 
that luminescence characteristics of the device is im- 
proved and the reverse leakage current is reduced. 
[0057] It is understood that the foregoing description 
and accompanying drawings set forth the preferred em- 
bodiments of the invention at the present time. Various 
modifications, additions and alternative designs will, of 
course, become apparent to those skilled in the art in 
light of the foregoing teachings without departing from 
the spirit and scope of the disclosed invention. Thus, it 
should be appreciated that the invention is not limited to 
the disclosed embodiments but may be practiced within 
the full scope of the appended claims. 



Claims 

1. A nitride semiconductor devbe including Group III 
nitride semtoonductors comprising: 

an active layer; 

a barrier layer made from a predetermined ma- 
terial and provided adjacent to said active layer, 
said barrier layer having a greater band-gap 
than that of said active layer; 
a ban^ier portion fonned of said predetemnined 
material for surrounding a threading dislocation 
in said active layer, said barrier portion having 
a vertex; and 

a semiconductor layer having an impurity con- 
centration ranging from 1 E16/cc to 1 E17/cc in 
which said vertex Is placed. 

2. A nitride semiconductor device according to claim 
1 , wherein said active layer has one of a single and 
multiple quantum well structure. 

3. A nitride semiconductor device according to claim 
1 , wherein said predetemilned material of said bar- 
rier layer fills up a recess enclosed with an Interface 
on said active layer to smooth surfaces of said re- 
cess as the barrier portion. 

4. A nitride semiconductor device according to claim 
1 , wherein said barrier portion has one of a cone- 
shape, truncated cone shape and a combination 
thereof. 

5. A nitride semiconductor device according to claim 
1 , wherein said Group III nitride semiconductors are 



(AlxGai.x)i.ylnyN (O^x^i, Qsygi). 

6. A nitride semiconductor device according to claim 

5, furthercomprtsing a low temperature barrier layer 
s provided between said barrier layer and said active 

layer, said' low temperature ban^ier layer being 
formed of substantially the same predetermined 
material as that of said barrier layer at substantially 
the same temperature as the growth temperature 
10 of said active layer. 

7. A nitride semiconductor device according to claim 

6, wherein said low temperature barrier layer has a 
composition ratio of AIN which is less than a com- 

19 position ratio of said barrier layer. 

8. A method for manufacturing a nitride semiconduc- 
tor device including Group III nitride semiconduc- 
tors and having an active layer and a barrier layer 
made from a predetemnined material with a greater 
band-gap than that of the active layer and disposed 
adjacent to said active layer, comprising the steps 
of: 

fonning a semiconductor layer having an impu- 
rity concentration ranging from 1E16/cc to 

1E17/CC; 

forming the active layer over the semiconductor 
layer having a recess attributable to a threading 
dislocation in the active layer; and 
depositing the material of the ban-ier layer onto 
the active layer to fomn a barrier portion sur- 
rounding the threading dislocation and having 
an interface defined by the side surface of the 
recess. 

9. A method for manufacturing a nitride semiconduc- 
tor device according to claim 8, wherein the step of 
forming the semiconductor layer at a temperature 
within a range of 600-850**C prior to the growth of 
the active layer. 

10. A method for manufacturing a nitride semiconduc- 
tor device according to claim 8, wherein the step of 
fonning the active iayer Includes a step of etching 
the active layer after the active layer is deposited. 

11. A method for manufacturing a nitride semiconduc- 
tor device according to claim 10, wherein the etch- 
ing in the step of etching Is tenninated when erosion 
along the threading dislocation reaches the under- 
lying semiconductor layer 

12. A method for manufacturing a nitride semiconduc- 
tor device according to claim 8, wherein the method 
further comprises the step of forming a low temper- 
ature ban^ier layer of substantially the same material 
as that of the ban^ier layer at substantially the same 



25 



30 



3S 



55 



13 



EP1267 422 A2 



temperature as a growth temperature of the active 
layer between the step of forming the pit and the 
step of depositing the materiai. 

13. A method for manufacturing a nitride semlconduc- 5 
tor device according to claim 12. wherein the low 
temperature barrier layer has a lower AIN composi- 
tion ratio than that of the barrier layer. 
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FIG. 1 
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FIG. 3 
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FIG. 5 




